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SUMMARY

The current accepted method, as reported in USAAMRDL TR 71-33
(Reference 2), for predicting aural detection of helicopters
was developed under laboratory conditions, and its accuracy
has not been verified with actual field measurements. The
purpose of the program described in this report was to conduct
an experiment to evaluate this analytical prediction method.
To accomplish this task, a test program was conducted using a
light commercial helicopter, six test observers, and various
ambient noises. Aircraft and ambient noises, aircraft location,
and indication of subject detection were recorded. The test
results were then compared with analytically predicted results
using Reference 2.

Analyses of the 228 detection occurrences showed that the
helicopter was never detected at the Reference 2 predicted
detection levels. Extrapolation of the test data to these
levels results in an extremely low probability (less than 1%)
that detection can occur. In general, most of the detections
occurred at the lower main rotor harmonic frequencies; hence
for these low frequencies Reference 2 appears extremely
conservative.
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1.0 INTRODUCTION

In recent years, several programs have been conducted which
were directed at obtaining a better understanding of aural
detection of helicopters.

In one program, conducted by the U.S. Army Combat Develop-
ments Command (Reference 1), aural and visual detection times
were compared for three helicopters performing "nap of the
earth" flying over various terrains. For that program no
acoustical data was obtained at the observer's location which
could be used for direct correlation purposes.

In another program, the Eustis Directorate, USAAMRDL, sponsored
development of an analytical procedure for predicting aural
detection of helicopters (Reference 2). The program used labora-
tory testing and tape-recorded signals but was not verified by
actual field testing.

In 1971 the Boeing Vertol Company conducted a company-funded
program on the same subject (Reference 3). This program also was
in a laboratory environment but differed from the Reference 2
program with respect to the method of producing the test signals,
the types of ambient noise, and the method of establishing
detection by the test subject.

The differences in conclusions drawn from the results of the
latter two programs appear to be significant with respect to the
difference in frequency which caused detection and also in con-
clusions reached between the relative levels of the ambient and
signal at detection. The differences here may lie in the types
of ambient noise used and/or the method used to establish
detection, since the Reference 2 program permitted the test
subjects to adjust and readjust the noise, while in the Boeing
program the subject had no control over either the level or the
timing of the aircraft sounds.

Although all of the above-mentioned work has contributed to an
understanding of aural detection of helicopters, it was evident
that a need existed for a program which used an actual aircraft
with simultaneous measurements of aircraft noise, ambient noise,
and aircraft location at the point of aural detection. To achieve
this objective and thereby evaluate the existing analytical pre-
diction methods of detection, a test program was conducted using
a light commercial helicopter, six test observers, and various
ambient noises while simultaneously recording aircraft and
ambient noise, aircraft location, and indications of subject
detection.

1



2.0 TEST METHOD

2.1 GENERAL APPROACH

The purpose of this program was to conduct an experiment in

the aural detection of helicopters in order to evaluate ana-

lytical prediction methods. The test was designed not only

to provide a comparison of predicted and measured detection

distances, but also to provide insight into the relationship

between aircraft and ambient sound pressure levels at de-

tection, and perhaps a more useful definition of detection.

The test approach is illustrated in Figure 1. A general de-

scription of the test methodology follows.

The helicopter was flown at 90 miles per hour and 200 feet
altitude past a group of test observers. The observers, who

were visually, but not acoustically, screened from the air-

craft, indicated when they detected the helicopter by actua-

ting electrical indicating devices. Test ambient noise

around the observers was supplied and controlled by suitable

loudspeakers, tape playbacks, and amplifiers. Two low-fre-

quency microphones were used to record the noise; one (located
with the observers) sensed both the test ambient and helicopter

noise, while the other (located 460 feet from the observers)
sensed the helicopter with the natural ambient at the test site,

there'' giving improved definition of the helicopter noise.

The d± !rences between the helicopter and the test ambient

sound piessure levels were then compared to the Reference 2

(Appendix IV) predicted difference of -5 db. This method

eliminated the variables of aircraft noise generation and pro-

pagation and evaluated the noise at the observer in consonance

with Reference 2 techniques.

2.2 INDICATION OF DETECTION

Each observer was given an electrical switch box, Figure 2, with
two switch positions (in addition to the "off" position) for
indicating two levels of aircraft detection. The first level of
detection occurred when an observer thought that he heard a
helicopter (even if he were not certain). The observer waf, in-
structed to select switch position "maybe" at this level. The
second level of detection occurred when the observer was .bsolutely
sure that he had detected the helicopter. At this level he was
instructeu to select switch position "yes". By conducting the
test program in this manner, it was possible to differentiate
between a threshold detection and the distance at which an indi-
vidual might be expected to initiate a more definite action.

2
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2.3 TEST OBSERVERS

The six observers selected for the test were male employees

of Boeing Vertol Company, and all were under 40 years of age.

Each observer was given an audiogram by the Division Medical

Department. The results of these audiograms indicated that
the six observers had no medically defined hearing loss.

Prior to conduct of the test, each observer was given a copy
of written instructions which described the purpose of the
test and the specific instructions to be followed for each
run. These instructions, as shown in Appendix I, were also
read orally to the group by a test director just prior to
the start of the first test run.

In addition to the specified instructions, each observer was
given a set of cards to record any significant occurrence
which may have affected him during a run. One member of the
group was assigned the role of team leader. If any of the
observers needed a break during the testing, the leader
would inform the test director. He would also inform the
test director of any occurrences during a particular run
which may have affected the observer's decisions. These
runs were then repeated.

2.4 TEST SITE

The preliminary and final test programs were conducted over a
partially wooded area in Chester County, Pennsylvania. Figure
3 shows the terrain at the test site, and it can be considered
typical of the surrounding terrain over which the helicopter
flew. The flight path of the helicopter over the test site is
shown in Figure 4. The distance between Position 1 and the test
observers was such that the helicopter was inaudible to the
observers regardless of the ambient noise. In addition to
Positions 1 and 2, which were paved roads used as ground markers
for providing aircraft location and ground speed data, two 4-by

4-foot plywood markers, Positions 3 and 4, were placed 400 feet

apart and at a 200-foot sideline distance to the test observers.
These markers enabled the pilot to fly the helicopter at the

desired 200-foot sideline distance to the observers and thus also

provided for repeatability in the chosen flight path.

The six test observers were located 200 feet to the richt side
of the flight path and were seated behind a screened area
(20 by 6 fect., figure 5) which prevented them from seeing the
approaching helicopter. The screening mraterial consisted of
two layers of porous woven glass cloth which was of low flovw re-
sistance and therefore was acoustically transparent.



I
I
I
A
II
I

I
-'a

ii
I

0) 1
4.'
-d
U) I
4.'
w
0) 1
0)

4.' 1I
'.4
$4 I
0)

p I
* I

n

0)
s-I -~

0
I

-.4
tti

-A
A

I

=1

I
I
II

6 1I
I



'-) a

IT

0 0

00

ooN N.
00

0
o \ :~

ooiF-ol
E- 0O 

0

N Hz 14

w 11 0

I-U)-.--

H U)

0
M: ~ U c

0 (-4 4

u C 4. 44Z
H~I.)0

*~ ~ E-4..-
UP U)

0

A4L

o

N -S-0

o E-. 744

f .



4-4

pii

cnj

It4



Two microphones were used during the test program. One
microphone was located behind the screened area and at an
equivalent ear level height, where it sensed both the
generated ambient noise and the helicopter noise. The second
microphone was located at the same sideline distance to the
flight path (200 feet) but at a distance of 460 feet from the
loudspeakers so that it sensed aircraft noise only.

The mobile laboratory was positioned between the far-field
microphone and the test observer area.

2.5 TEST AIRCRAFT

The test aircraft was a Bell 206A Jetranger Commercial heli-
copter. This helicopter was chosen for testing because it

generates both a main and a tail rotor noise signature and
because it represents, in its military version, the Army's
0H-58. It was flown in standard configuration with a crew
of two (pilot and engineering observer).

2.6 INSTRUMENTATION

The Boeing Vertol Mobile Acoustical Laboratory, Figure 6, was
used to house and power Ae instrumentation in the field. A 14-
channel wide-band, FM -ape recording system, Ampex AR 200, was
used to record the ft-iowing data at 30 inches/second tape speed:

1. Detection indicators; six switch boxes with two
modes of indication.

2. Sound pressure level; two low-frequency Photocon
microphones, Model 474, used in conjunction with
Type DG605, Dynagage signal conditioning units.

3. Wind direction.

4. Wind velocity.

5. Aircraft location by radio communication from
the aircraft.

6. Time code.

7. Voice identification.

9
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All data were continuously recorded from initiation of the run
(aircraft inaudible to the test observers) to completion (the
aircraft passed over position 4 and all six observers detected
the aircraft).

The following equipment was installed in the mobile laboratory
and was used to produce and monitor the ambient noise level:

1. Random Noise Generator - Type 1390B
General Radio Company

2. Tape Recorder - Nagra IIIB

Kuldelski

3. Mixer Amplifier - Type 68
Shure

4. Spectrum Shaper - Tracor Model 318A
Allison Laboratories

5. Power Amplifier - Type MC75

McIntosh

6. Loudspeakers - Model A7
Altec Company

7. Graphic Level Recorder - Type 2305
Bruel & Kjaer

8. Audio Frequency Spectrometer - Type 2112
Bruel & Kjaer

A block diagram of the instrumentation recording system and
ambient noise producing equipment is shown in Figure 7.

2.7 SYSTEM CALIBRATION

Calibration of the test ambient and the aircraft data micro-
phones and recording system was performed in the acoustical
laboratory using an electrostatic actuator and signal gener-
ator. The overall system response was obtained for a fre-
quency range of 15 Hz to 14 kHz, as shown in Figure 8. Due
to the limiting capability of the signal calibrator, the
system could not be calibrated for frequencies below 15 Hz.
This limitation, however, did not invalidate the test re-
sults. The overall specification limits of the FM recording
system with a photocon microphone show a response down to 2 Hz
with a +2 dB accuracy. In addition, the data recorded at these
low frequencies did not set detection; in fact, all of this low-
frequency data fell 10 to 30 dB below the absolute threshold of
audibility.

1i
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At the test site and prior to the start of the test, the
microphones were also calibrated using a Bruel and Kjaer
Type 4230 calitrator with a 94-dB, 1000-Hz signal.

2.8 TEST PROCEDURE

Prior to the start of each test run, the desired ambient noise
was selected and played over the two loudspeakers at the test
observer location. During this period, the nelicopter was
beginning its approach to position 1 (at 200 feet altitude).
At approximately one-half mile from position 1, a position re-
port was given by the observer onboard the aircraft; at this

V- time, the data tape was started, the observers were notified

that the run was beginnin and they were instructed to remain
silent.

As the aircraft passed over the ground markers, 1-4, the
observer in the aircraft transmitted the aircraft position.
This radio tranFmissLon was recorded on the magnetic tape in
the mot le lab. During the run, the test observerswere de-
tecting the aircraft at the two levels of detection by
selection of their switches.

To avoid contamination of the test runs with extraneous no.s s,
an engineer, with radio communication to the helicopter, was
positioned in the field and monitored the test area during each
ran. Runs which were significantly affected by other noises
(i.e., transient aircraft, etc.) were repeated.

The mobile acoustical laboratory data monitoring capability
ensured that the test program was being conducted as planned.
Prior to the run, the microphone in the vicinity of the test
observers was used to transmit the ambient noise to the lab,
where it was analyzed on the Bruel and Kjaer level recorder and
audio frequency spectrometer for the desired level and spectrum
shape. During the run, the level recorder was used to monitor
the aircraft noise signature and also to obtain preliminary
detection data. The test observer detection switches would
simultaneously illuminate a response 1 ;ht in the laboratory

(Figure 9). By monitoring these light&, an average detection
time could be determined. By marking the graphic level recorder
at the average detection time for observers' yes response and

also at the time when the helicopter passed over the subjects,
an approximate detection distance could be obtained. :.t was
therefore possible to select ambient noise levels that ,ouild

permit detection over a wide range of distances.

14
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2.9 PRELIMINARY TEST

In order to obtain the maximum information within the program
limitations, the final selection of ambient noises was based
on a preliminary test, which was conducted on 25 September 1972
using the test aircraft and site with three observers.

The purpose of this phase of the test program was fourfold:

1. Determination of the maximum detection distance
with the natural ambient, ensuring that the
aircraft would start the runs at a distance far
enough away to be inaudible to the observers.

2. Determination of the airspeed to be used.

3. Selection of the actual levels of ambient noise
to ensure an adequate variation in detection
distances.

4. Selection of gain settings for the recording
system to ensure optimum recording levels.

The entire test system as described in this report was set up
at the test site. However, three observers were used for
detection in lieu of the six observers used during the final
test. To accomplish the test objectives, 18 runs were conducted
at various airspeeds and ambient settings. The on-line moni-
toring capability of the mobile laboratory as described in
Sections 2.6 and 2.8 of this report ensured adequate determination
that the preliminary test objectives were met and thereby
eliminated the requirement for extensive post-test data analysis.
For this reason, none of the preliminary test microphone and
detection data is presented in this report. However, a list of
the preliminary test conditions is contained in Table I.

Runs 1 through 3 were conducted with the natural ambient of the

test site at airspeeds of 60, 90 and 120 mph, respectively.

During each of these runs, the aircraft was detected within the
selected ccurse, ensuring an adequate starting distance from
the observers. Runs 4 through 9 were conducted at three levels
of ambient noise with flat and sloped spectrum shapes. The low
level was selected such that it was slightly higher than the
r-atural ambient in order to provide a controlled low ambient
'50-55 maximum dB in any octave band). To reduce the possibility
of introduction of a hearing threshold shift, the high-level
ambient was limited to 80 dB. The sound pressure level of the
medium-lev.l ambient was set in the dB range of 55-65.

16
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TABLE I. PRELIMINARY TEST CONDITIONS*

Test

Ambient
Test Test Octave Winds

Run Ambient Ambient Bands Airspeed Dir/Speed
No. Condition Level Removed(Hz) mph (deg/mph)

1 Natural N/A None 60 030/3-4
2 Natural N/A None 90 090/2
3 Natural N/A None 120 040/5
4 Flat Low None 90 100/5
5 Flat High None 90 090/5
6 Flat Medium None 90 090/4
7 Sloped Low None 90 090/4
8 Sloped High None 90 090/4
9 Sloped Medium None 90 135/2

10 Flat Medium None 90 090/3
11 Flat Medium 31.5 90 090/5
12 Flat Medium 63 90 115/2
13 Flat Medium 125 90 090/5
14 Flat Medium 250 90 070/7
15 FlE*t Medium 500 90 090/6
16 Flat Medium 1000 90 090/5
17 Modulated High None 90 090/3
18 Steady Medium None 90 090/3

* At 200 ft above the terrain, the outside air temperature
was +200 C, and the air conditions were assessed as smooth.

17



These three levels provided for a wide range of detection
distances to be tested. From the three airspeeds flown, it
was determined that the helicopter noise signature did not
vary significantly with increased airspeed. Ninety mph was
selected as the optimum airspeed as it provided a reasonable
time to fly the course without excessive fuel consumption.
Runs 11 through 16 were used to check out the effects of
removal of specific octave bands from the spectrum.

2.10 FINAL TEST

In the final test, which was conducted on 2 October 1972, 41
test runs were successfully conducted using six observers and
27 various ambient noise conditions. Since the winv velocity
during the entire test was extremely low, generally ranging
from 2 to 6 mph, its effect on the noise data was negligible,
thereby eliminating the need for an upwind and downwind approach
of the helicopter. A check on repeatability of observer response
was accomplished by repetition of selected conditions during
the test.

Table II contains a complete list of the test runs. The test
procedure for each of these runs was the same as that described
in Section 2.8.

2.11 DATA REDUCTION

The following procedure was used to reduce and analyze the
data obtained during the test program:

1. All data from both microphones was reduced to
give a 1/3 octave band spectrum every 1/2 second
during each run. An automated system, avail-
able at the Boeing Commercial Airplane Company,
was used.

2. The time of each individual detection obser-
vation was determined by comparing the signal
at each observer's response indication with
the time code on the magnetic tape.

3. To permit direct correlation of the aircraft
sound pressure level as measured by the remote
microphone with the aircraft sound pressure
level as detected by the observe..s, a time
correction was necessary. The requirement
for this correction is illustrated in Figure 10.
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TABLE IT. FINAL TEST CONDITIONS*

Test
Ambient

Test Test Octave Winds

Wan Ambient Ambient Bands Dir/Speed
No. Condition Level Removed(Hz) (deg/mph)

1 Natural N/A None 235/2
2 Natural N/A None 235/2
3 Natural N/A None 235/2
4 Flat Low None 235/2
5 Flat High None 235/2
6 Flat Medium None 235/2
7 Fiat Medium 31.5 235/2.5
8 Flat Medium 63 205/2
9 Flat Medium 125 205/2

10 Flat Medium 250 205/2
11 Flat Medium 500 205/2
12 Flat Medium 1000 205/2
13 Flat Medium 2000 135/2
14 Flat Medium 4000 135/2.5
15 Flat Medium None 090/3
16 Sloped High None 070/3
17 Sloped LOw None 090/3
18 Sloped Medium None 090/2
19 Sloped Medium 31.5 090/2
20 Sloped Medium 63 135/5
21 Sloped Medium 125 205/4
22 Sloped Medium 250 255/4
23 Sloped Medium 500 090/5
24 Sloped Low None 090/5
25 Sloped Medium None 090/6.5
26 Sloped High None 090/3
27 elat Medium None 235/4
28 Truck Low None 0 /3
29 Truck Medium None 022/2
30 Truck Low None 180/2
31 Truck High None 180/-.5
32 Flat Medium None 135/5
..-3 Steady Medium None 235/3
34 Modulated- Medium None 235/3

Low Rate
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TABLE II - Continued

Test
Ambient

Test Test octave Winds
Run Ambient Ambient Bands Dir/Speed
No. Condition Level Removed (Hz) (deg/mph)

35 Modulated- Medium None 067/6
Med Rate

36 Modulated- Medium None 090/2
High Rate

37 Modulated- Medium None 270/6
High Rate

38 Steady Medium None 270/6
39 Flat High None 135/10
40 Flat Low None 135/4
41 Flat Medium None 135/6

*At 200 ft. above the terrain, the outside ambient

temperature was +15 0C and the air conditions were
assessed smooth with occasional light turbulence.

4. At the nearest 1/2 second to each detection,
the corresponding 1/3 octave band analysis
of the aircraft noise was read and the ambient
noise at the observers' location was subtracted
from it.

5. The 1/3 octave in which the difference between
the aircraft and ambient SPL's is greatest
is assumed to be responsible for the detection,
and the numerical difference in SPL's is that
required to separate the aircraft and the ambient
noises.

Appendix II presents the detection distances, the test , -dent
noise spectra and the mean of the aircraft noise spectra ( e
mean of each bandwidth noise spectra for the minimum and
maximum detection distances) for each test run. (Due to
data unavailability runs 28, 39 and 40 are not presented.)
The nunerical differences between these two noise spectra
at the minimum and maximum detection distances are presented
in Appendix III. Figure 11 contains a sample of the data
presented in this appendix.

I
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HELICOPTER FLIGHT PATH

MICROPHONE #1 MICROPHONE #2

0 ~ 00 000

OBSERVERS

D4

MICROPHONE SIGNALS

NATURAL AMB IEN -
MICROPHONE #1t I

TEST AMIENT
MICROPHONE #2

to I

ST = Time required for the
helicopter to fly the dis-
tance D between the two micro-
phones

When detection occurs at time tI , the aircraft SPL whichthe observers detected at their location, would be thatsensed by Microphone #1 at time tI.

Figure 10. Time Correcticn, Aircraft Microphone Data.
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S30 RUN NO. : 5

AMB) ENT CODE- F-H

2 MAXIMUM e. SPL AT MINIMUM DETECTION DISTANCE

._I-MAX IMUM /C SPL AT MAXIMUM DETECTION DISTANCE

0-I

-2 i iI

-30 I I
31.5 63 125 250 500 1000 2000 4000 8000

OCTAVE BAND CENTER FREQUENCY - Hz

At Each 1/3 Octave Band:

1) The top of the bar represents the difference between
the aircraft SPL and the ambient SPL at the time when
all six observers detected the helicopter.

2) The bottom of the bar represents the difference be-
tween the aircraft SPL and the ambient SPL at the
time when the first observer detected the helicopter.

3) The 1/3 octave band where the & SPL level is
greatest, is the detection frequency as described I
in Reference 2, Appendix IV.

Figure 11. Determination of the Detection Frequency.
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3.0 DISCUSSION AND RESULTS

3.1 RELATIONSHIP OF AIRCRAFT AND AMBIENT NOISE AT
DETECTION

Reference 2 developed a methodology for the prediction of
helicopter aural detection thresholds from measured or
estimated parameters, including methods for calculating
propagation losses. The primary objective of this test
prcgytm was to compare the detection threshold of both the
test results obtained and the predicted detection threshold
using Method B of Reference 2, Appendix IV. According to
the results of the Reference 2 tests, the helicopter signal
can be detected when its level in any frequency band is
above the absolute threshold of audibility and 5 dB below
the ambient noise level. By correlating the helicopter
position at the time of aural aetection with acoustical
data measured on the ground, this program eliminates the
variables of noise generation and propagation and therefore
evaluates the ability to aurally separate the aircraft signal
from the ambient noise and any additional processes involved
in arriving at a detection decision.

Figure 12 presents the major result of this program in
terms of probability of detection as a function of the dif-
ference between aircraft and ambient sound pressure levelsr at the observer. Each point on the plot represents the

percentage of the total number of detections which occurred
when the difference between the aircraft and ambient sound
pressure levels were equal to or less than the ordinate
value of the data point. Each separate "yes" detection for
each observer and each run was compared with the spectral
differences as described in Section 2.11, so that Figure 12
is the cumulative result of 228 detection occurrances.

The closeness to a straight-line fit (on probability paper)
of the data shown in Figure 12 indicates a normal distribu-
tion which permits valid interpolation and extrapolation
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For example, using this display, to have a 50% probability of
definite helicopter detection, the aircraft noise at the detec-
tion frequency must be 6 dB above tne ambient noise. On the
other hand, since no data was measured at a a SPL of -5dB,
the test results do not in themselves show that detection at
this level is possible. However, when extrapolated to this
level, the probability of aural detection is 0.5%, or 1
observer out of 200 would be expected to detect the helicopter
when its level is 5 dB below the ambient.

3.2 COMPARISON WITH ANALYTICAL PREDICTIONS

The prediction method of Reference 2, Appendix IV, is based
on the assumption that detection will take place when the
aircraft sound pressure level, at any frequency, reaches a
level 5 dB below the ambient noise at that frequency provided
that the aircraft noise is above the threshold of hearing.

As can be seen in Figure 12, such an assumption appears to be
extremely conservative and, in fact, requires extrapolation
of the test data.

The data shown in Figure 12 was derived from the detection
data at the time when each observer definitely detected the
helicopter. However, as discussed in Section 2.2, the ob-
server also indicated a level of detection at the time when he
thought he detected the helicopter but was not certain.
Figure 13 shows the relationship of these two levels of detec-
tion in terms of helicopter time and distance- £ioL1 the observ-
ers. Since the time interval between the uncertain and de-
finite responses is small, the Reference 2 method is not only
conservative in prediction of a definite detection distance,
but it is as conservative when used to predict a detection
threshold.
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Also shown in Figure 13 is the time history of the air-
craft noise in the 31.5 Hz 1/3 octave band. This particular
frequency band was displayed since 65% of the observers'
detection occurred at the third harmonic of the main rotor
blade passage frequency 112.4 Hz). The fundamental fre-
quency (fo = 10.8 Hz) r. it,: second ha" nonic fell below the
audibility threshold ed ':e hev. fore did not influence de-
tection. Appendix IV -.c, is the helicopter noise time
histories for each 1/3 -t. e band from 12.5 to 10,000 Hz.
Since the microphone usea r.o record the aircraft sound

pressure level also recorded the natural ambient of the
test site prior to the arrival of the helicopter, the noise
spectrum shown illustrates the Reference 2 predicted detection

distance for the natural ambient condition. When the SPL
of the aircraft is 5 dB below the SPL of the ambient, the
aircraft is approximately 8500 feet from the observers.
At this distance, the test results show that only 1% of theuncertain detections and none of the definite detections had

occurred.

Although the reasons for these differences cannot be rigor-
ously separated by the results of this program, a few sig-
nificant considerations may be:

1. A natural outdoor environment was used in
place of a controlled laboratory atmosphere.

2. The sound pressure field of a helicopter is
a completely different acoustical mechanism
from that of a loudspeaker reproduction of
the same sound.

3. In the .laboratory there is no relative motion
between he "aircraft" and the observer.

4. Simultaneous generation of extremely low and
high frequencies is not a problem with the
actual aircraft.

For the above reasons, it is considered likely that the re-
sults of this field test represent a less critical but more
representative model of what can be expected of aural detec-
tion by persoruel in actual situations.
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3.3 EFFECTS OF AMBIENT NOISE SOURCES

The primary variable between test runs was the ambient noise
in the vicinity of the observers. By varying the level,
spectral shape, and temporal pattern of the ambient, the
Reference 2 method of prediction was evaluated for several
types of ambient. In addition to a flat and a 6 dB/octave
sloped ambient, tape recordings of a military truck convoy
and of modulated noise at the blade passage frequency of
the main rotor were used to provide a more realistic acousti-
cal background.

Figure 12 presented the total nurber of detection occurrences
for all ambients. Figures 14, 15, and 16 separate the test
results and show the distribution of detection occurrences
for specific ambient spectrums.

3.3.1 EFFECTS OF FLAT AND SLOPED AMBIENTS

Figure 14 shows the distribution of the test results for
the flat and 6 dB/octave sloped ambient spectrum. For
the two spectrum shapes, the difference in the detection
results is very small, approximately 2 dB. This small
difference is probably due to limitations in the equipmeat
output at the lower frequencies which resulted with the
ambient noise not following a 6 dB/octave slope at the
frequency range where the majority of detections occurred.

Specific test runs were conducted to change the detection
frequency by removing octave bands from the ambient
spectrum. In general, the detection frequency did not
change for the majority of runs conducted. Also, the

SPL (aircraft-ambient) did not vary significantly.

Table III contains the results of the tests conducted with
the flat ambient, Table IV, the sloped ambient. (It is
significant to mention that the removal of the 500 Hz
octave band from the sloped spectrum resulted in a change
in the detection frequency frcm 31.5 Hz to 500 Hz.)

3.3.2 EFFECTS OF MODULATED NOISE

The results of using ambient noise with a temporal pattern
are shown in Figure '.5. When the modulated noise was used,
(10.8 Hz frequency, 5S to 65 dB amplitude), the observers
could not detect the helicopter until the difference between
the aircraft and ambient SPL was approximately 2 dB above
that required for unmodulated or steady ambients. This

inrtease may be attributed to the observers confusion
between the modulated ambient noise and the modulated
helicopter noise, which required a larger difference
between the two sounds before they were able to separate
them.
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TABLE III. FLAT SPECTRUM OCTAVE BAND FREQUENCY DATA

ASPL at mifl2.n&af
Ambient Detection Detection Dist.

Run Octave Band Freq. (A/C - Ambient) A
No. Removed (Hz) (dB)

6 None 31.5 9
7 31.5 40 12
8 63 31.5 12
9 125 31.5 9

10 250 31.5 10
11 500 31.5 11
12 1000 31.5 15
13 2000 31.5 7
14 4000 31.5 0

TABLE IV. SLOPED SPECTRUM OCTAVE BAND FREQUENCY DATA

aSPL at Minmmum
Ambient Detection Detection Dist.

Run Octave Band Freq. (A/C - Ambient)

No. Removed (Hz) (dB)

18 None 31.5 3
25 None 31.5 9
19 31.5 31.5 13
20 63 31.5 9
21 125 500 51
22 250 31.5 6
23 500 500 12

I
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Also shown in this figure are the detection results with
the truck noise ambient. Since the tape recording of the
truck noise was comprised of several types of sounds, i.e.,
doors closing, engines idling and accelerating, and trucks
leaving an area, the results shown cannot be compared to
the other types of ambients tested.

3.3.3 EFFECTS OF AMBIENT NOISE LEVEL

The effects of ambient noise level on detection are shown
in Figure 16 for the flat spectrum shape. Although testing
with the low- and high-level flat ambient was limited to a
few test runs, the trend shown in the results is considered
to be significant. When the ambient noise was low
(50-55 dB), the observers required a greater difference
between the aircraft SPL and the ambient SPL than for the
medium (55-65 dB) or high (65-75 dB) level ambient. This
trend may be attributed to the differences in detection
distances. When the ambient -oise was high, the observers
were detecting the aircraft at smaller distances than with
the low-level ambient. Due to spherical spreading, the
rate of change in the noise increased as the helicopter
approached the observers. (As the helicopter distance
changed from 4,000 to 1,000 feet, the rate of change in
noise doubled). This change, being more noticeable to the
observer as distance between the aircraft and observer
decreased, resulted in a 3 dB reduction in the Ak SPL
(aircraft-ambient) for the high-level ambient.

3.3.4 DETECTION FREQUENCY

As mentioned in Section 3.2, the majority of detections
occ irred at the third harmonic of the main rotor blade
passage frequency (32.4 Hz). Shown in Figure 17 is the
summary of precentage of detections at each 1/3 octave.
At the fundamental tail rotor blade passage frequency,
fo "- 85 Hz, the test results show that only 2% of the
detections occurred. However, during the test, several
observers commented that they thought that they were
detecting the helicopter by the noise generated by its
tail rotor rather than the lower frequency main rotor
noise. The reason(s) for this apparent disagreement
between the calculated results and the observers' quali-
tative assessment is not understood at this time.
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4.0 CONCLUSIONS

A test program was conducted which measured detection data
on a light commercial helicopter. By comparing the actual
field detection measurements with analytically predicted
results, the Reference 2 method of helicopter aural detec-
tion was evaluated. The major conclusions drawn from this
evaluation are summarized below.

1. The Reference 2, Appendix IV, method of predicting
detection, i.e., the distance when the aiicraft
sound pressure level in any frequency band is
5 dB below the ambient sound pressure level, is
extremely conservative for detection at the low
frequency bands. The test results showed that
aural detection generally (i.e., 50% probability
of group detection) does not occur until the
aircraft SPL is 5 dB above the ambient SPL.

2. Use of the Reference 2, Appendix IV, method could
result in predicting detection at distances in
excess of twice the actual measured detection
distance.

3. Although the majority of detections occurred at
the lower frequencies of the main rotor, it is
the authors experience that helicopter detection
does in fact occur at these lower frequencies
due to atmospheric attenuation of the higher
frequencies.

4. Parameters which appear to influence the de-
tection distance other than the relationship
of the aircraft SPL and the ambient SPL may
be:
a. The rate of change of noise which, due to spherical

spreading, increases as the distance between the
helicopter and observers decreases. At smaller dis-
tances, the increased rate of caange in the aircraft
noise results in the observer's being able to separate
the aircraft noise from the ambient noise at lower
differences between the two signals.

b. The absolute sound pressure level of the aircraft and
ambient in addition to the relative levels of the two
signals.

Since the results of this test program were derived from the
use of only one type of helicopter, it is recommended that
further testing be conducted using other types of helicopter
sounds. It is also recommended that further efforts be 1 ade
to determine the effects of other parameters on detection
such as those mentioned above.
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APPENDIX I
INSTRUCTIONS TO TEST OBSERVERS

1. 'vou are hcrc to participate in an experiment on the aural
detection of helicopters. The purpose of this experiment
is to evaluate existing analytical prediction methods of
detection.

2. You will be detecting the aircraft under various ambient
conditions which will be heard over the two loudspeakers
located on the opposite side of this screen. This screen
is here to visually screen you from the helicopter.
Please do not change the position of your seat during
the test.

3. Each of you has been given an electrical switch box.
There are three positions on each box. The center posi-
tion is the off position. The position marked "MAYBE"
will be used when you think you hear a helicopter but
are not certain. You may select this position more
than once. However, once you are certain that.*you
hear a helicopter, select the "YES" position. This
position can be selected only once for each run, so
you should be absolutely sure that you hear a heli-
copter when you select "YES". To stress this important
item, you should be sure that you hear a helicopter to
the extent that in an actual situation you would notify
others of the helicopters approach. when you select
"MAYBE" and "YES" you do not have to hold the switch

r in the selected position; just select the position and
release the switch.

4. The microphone in front of you is an open microphone.
Anything you say or any sound you make during a run
will be recorded on the data tape. So it is important
to remain completely silent and still during the run.
If there is any need to communicate with the Lab you
may use this microphone; however, wait until a run is
complete. You may relax and talk in between the runs.

5. You will be notified over the loudspeakers when a run
is to start. The instruction will be ... mark---
start of run # . When you hear this instruction,
you are to stop all talk and remain still until the
end of the run. During the run you will be detecting
the aircraft and selecting the switches. Again, you
will be notified at the end of each run by the in-
struction ... mark --- end of run # . During the
initial runs, you will become familiar with the heli-
copter noise that you will be detecting.
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6. If there are any comments that you would like to make
about a particular run for example, you heard a jet
aircraft fly overhead during the run or you were d-.s-
turbed by an insect or any situation that may have
occurred, please write them on the cards provided.

7. Please base your decision according to when you detect
the helicopter --- there are no right or wrong answers,
and it is important that you do not watch the person
next to you during a run and allow him to influence
your decision.
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APPENDIX II
OBSERVATION AND ACOUSTICAL DATA

This appendix contains the detection observation and acous-
tical data for each test run conducted. Two graphs are
shown for each test run with the exception of runs 28, 39
and 40, which are not presented due to data unavailability
(These runs were repeated ambient conditions of runs 4, 5
and 30.) The upper graph on each page shows the detection
distances at which each observer definitely detected the
helicopter. The graphs shown on the lower half of each page
show the sound pressure levels of the controlled ambient
noise at the observers' location and also the mean aircraft
noise signature plus the ambient noise at the remote micro-
phone location for the minimum and maximum detection distances.
The absolute threshcld of audibility from Table IX of Refer-
ence 2 Appendix IV is also displayed.

Each graph has an ambient condition code listed at the top,
and Table V identifies the symbols used.

TABLE V. AMBIENT CODE IDENTIFICATION

Octave
Bands

Type Level Removed-Hz

F - Flat L-Low(50-55 dB) 1 - 31.5
ML - Modulated,Low Rate M-Medium(55-65 dB) 2 - 63
MM - Modulated,Medium Rate H-High(65-75 dB) 3 - 125
MH  - Modulated, High Rate 4 - 250
N - Natural 5 - 500

- Sloped 6 - 1000
St- Steady 7 - 2000
T -Truck 8 - 4000

EXAMPLE: SL-M-3

Sloped broadband noise, medium level, with the
3d octave (125 Hz) removed.

I
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Figure 25. Observation and Acoustical Data - Run 8.
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AMBIENT CONDITION: F-M-3

Z4 5000- - - -

4000 --

E-4

3- 000

0 00__

0 10 20 30 40 50 60 70 80 90 100

PERCENT OF OBSERVER DETECTION

C14 100j --- Absolute Threshold of Audibility
-Ambient Noise

U, Aircraft Noise Signature
~80-- ~ 1~

-40

U) 20
- -

0 1 - 31.5 63 125 250 53 1000 2000 41O e00

OCTAVE BAND CENTER FREQUENCY -Hz

Figure 26. Observation and Acoustical Data -Run 9.
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Figure 27. Observation and Acoustical Data - Run 10.
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AMBIENT CONDITION: F-M-5
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Figure 28. observation and Acoustical Data -Run 11.
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Figure 29. Observation and Acoustical Data - Run 12.
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AMBIENT CONDITION: F-M-7
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Figure 30. observation and Acoustical Data -Run 13.I
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6000 - - __-

r24 5000 - - - -

S4000- -- -

u~3000 -- --

0 2000 --

U
N 1000- ii -T~

0 10 20 30 40 50 60 70 80 90 100

PERCENT OF OBSERVER DETECTION

C14 00 _Absolute Threshold of Audibility
"I, -Ambient Noise
Ln Aircraft Noise Signature

~60-. -- - -

40 -
ISI

~0i
0 lb 31.5 63 15 260 Soo - 000 2000 4000 8000

OCTAVE BAND CENTER FREQUENCY -Hz

Figure 32. Observation and Acoustical Data R un 15.
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AMBIENT CONIDITION: S L-H
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Figure 33. Observation and Acoustical Data -Run 16.
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Figure 35. Observation and Acoustical Data -Run 18.
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AMBIENT CONDITION: S LMl
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Figure 36. Observation and Acoustical Data -Run 19.j
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AMBIENT CONDITION: S L-M-3
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Figure 38. Observation and Acoustical D~ata Run 21.
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AMBIENT CONDITION: SL-M-4
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Figure 39. Observation and Acoustical Data - Run 22.
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AMBIENT CONDITION: SLM-5
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Figure 40. Observation and Acoustical Data - Run 23.
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AMBIENT CONDITION: S L-L
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Figure 42. Observation and Acoustical Data - Run 25.
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AMB~IENT CONDITION: SL H
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Figure 43. Observation and Acoustical Data -Run 26.
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AMBIENT CONDITION: F-M
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Figure 44. Observation and Acoustical Data -Run 27.
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AM~vBIENT CONDITION: T-M

6000- - _ _ _ _ -

.. 5000 -- - -

400-

~3000=su

z
0 2000 -- - - - - -- -

-4

E-4 1000 - ---

0 10 20 30 40 50 60 70 80 90 100
PERCENT OF OBSERVER DETECTION

N100 .- Absolute Threshold of Audibility
E

z -Amrbient Noise
Ln Aircraft Noise Signature

o

77

4O A - -I -i-

1031.5 63 25 250 500 1000 2000 4000 8003

OCTAVE BAND CENTER FREQUENCY - Hz

Figure 45. Obseivation and Acoustical Data - Run 29.
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AMBIEN'T CONDTTION: T-L
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Figure 46. Observation and Acoustical Data - Run 30.
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Figure 47. Observation and Acoustical Data - Run 31.



AMBIENT CONVITION: F-M
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Figure 48. Observaiton arid Acoustical Data - Run 32.
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AMBIENT CONDITIONZ: m.MM
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AMBIENT CONDITION: M H-M
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Figure 52. Observation and Acoustical Data -Run 36.
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Figure 53. observation and Acoustical Data -Run 37.
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Figure 54. Observat.on and Acoustical Data - Run 38.

7
76 1



AMBIENT CONDITION: F-M,
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Figure 55. Observation and Acoustical Data - Run 41.
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APPENDIX III
GRAPHIC RELATIONSHIP OF AIRCRAFT

AND AMBIENT SOUND PRESSURE LEVELS

Contained in this appendix are bar graphs of the calculated
sound pressure levels (aircraft - ambient) for each 1/3 octave
band frequency and for each test run conducted. Two sound

pressure levels are shown at each frequency. The upper level
was calculated from the aircraft noise signature at the mini-

mum detection distance, or when all six observers had defi-
nitely detected the helicopter. The lower level was calculated
from the aircraft noise signature at the maximum detection dis-
tance or when the first observer indicated definite detection.
This graphic display of the data shows which frequency band
set detection*and also the relationship of the aircraft and
ambient sound pressure levels throughout the frequency spectrum.

The same ambient condition codes that were shown in Appendix
II are used for identification of each graph.

7-Fee explana in, Figure 11.
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Figure 56. Detection Results With Natural Ambient.
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Figure 57. Detection Results With Flat, Low-Level Ambient.
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Figure 58. Detection Results With Flat, Medium-Level
Ambient.
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Figure 58. Continu-d.
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Figure 59. Detection Results With Flat, Medium-Level
Ambient -Specific Octave Bands Removed.
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Figure 59. Continued.
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Figure 59. Continued.
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Figure 59. Continued.
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Figure 60. Detection Results With Flat, High-Level
Ambient.
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Figure 61. Detection Results With Sloped, Low-Level
Ambient.
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Figure 62. Detection Results With Sloped, Medium-Level
Ambient.
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Figure 63. Detection Results With Sloped, Medium-Level
Ambient - Specific Octave Bands Removed.
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Figure 63. Continued.
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Figure 64. Detection Results With Sloped, High-Level
Ambient.
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Figure 65. Detection Results With Truck, Low-Level
Ambient.
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Figure 66. Detection Results With Truck, Medium-Level
Ambient.
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Figure 67. Detection Results With Truck, High-Level
Ambient.
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Figure 68. Detection Results With Steady, Medium-
Level Ambient.
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Figure 69. Detection Results With Modul~tod (Low
Rate), Medium-Level Ambient.
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Figure 70. Detection Results Witt- Modulated (Medium
Rate), Medium-Level Anbient.
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Figure 71. Detection Results With Modulated (High Rate),
Medium-Level Ambient.
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APPENDIX IV
1/3 OCTAVE BAND HELICOPTER NOISE TIME HISTORIES
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Figure 74. 1/3 Octave Band Helicopter Noise
Time Histories (125 to 500 Hz).
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Figure 75. 1/3 Octave Band Helicopte, 'ise
Time Histories (630 to ,300 Hiz).
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